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Abstract 
In order to study the effect of machining parameters on machining efficiency, the size of ablation cavity for Si3N4
ceramics during process of micro-detonation of striking arc machining (MDSAM) is simulated. By means of 
simulation method and machining test, the cavity size can be achieved. Influences of machining parameters on cavity 
depth and diameter are computed and analyzed by single factor experiment. The results show that the experimental 
results are consistent with the simulation results as taking into account the loose deteriorative layer. Big working 
current, pulse width and small working distance can cause big machining efficiency. The nozzle radius should range 
from 1 mm to 1.4 mm. The research can present a method for precisely controlling the process of MDSAM. The 
simulation method can precisely calculate the cavity size and the process of MDSAM can be controlled more 
accurately. 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of ICAE2011. 
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1. Introduction
Engineering ceramics have excellent mechanical properties such as, high hardness, high thermal
resistance and chemical stability, and could be applied to many areas [1]. Due to inherent hardness and 
brittle behaviors of ceramic materials, diamond wheel grinding was the most widely used machining 
method for ceramics. Moreover, grinding usually results in low material removal rates and high 
machining costs which may account for 60-90 % cost of product [2]. Researchers developed many non-
traditional machining technologies to improve machining efficiency of ceramics, such as laser machining 
[3], EDM [4], plasma arc cutting [5] and high pressure abrasive water jet machining [6]. Some noticeable 
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results are obtained, too. However, above technologies have their own limitations. The wide engineering 
application of above technologies can not be realized now.  
The authors have proposed a novel machining technology for engineering ceramics, named as micro-
detonation of striking arc machining (MDSAM) [7]. Machining experiments showed that this method 
could be used to machine different shapes stably and reliably, such as hole, plane surface, groove, cylinder, 
complex shaped surface, and so on. During the machining process, the plasma jet with high temperature 
and high pressure is sprayed out from the nozzle of micro-detonation generator. In single pulse width 
duration, as the plasma jet is applied on the material surface, the surface temperature exceeds the boiling 
point of the material causing rapid melting or vaporization and an ablation cavity is generated.  
For MDSAM is a rough machining technology, high machining efficiency is the most important target. 
The machining efficiency can be represented by the volume of ablation cavity in single pulse. In this 
paper, the cavity size of Si3N4 in process of MDSAM is studied by means of simulation and experiment. 
The influence laws of parameters on cavity shape are given to analyze the material removal ability of 
parameters. 
2. Simulation and machining test for size of ablation cavity 
2.1. Simulation 
Si3N4 ceramics is selected as experimental materials in computing of cavity size. Si3N4 ceramics is 
wildly used in thermal machines, cutting tools, fire resisting materials and other demanding environments 
owing to its high strength, high temperature properties, high hardness and good corrosion resistance. 
In MDSAM, there are four parameters to influence MDSAM machining process. They are working 
current I, diameter of micro-generator nozzle R, pulse width T and the distance between nozzle and 
specimen surface L. The parameters were fixed as follows: I = 80 A, T = 80 ms, L = 3 mm and R=1 mm.  
The decomposing temperature point of Si3N4 is 1900 ℃. While machining, the plasma jet sprays out 
from nozzle and applies on the specimen surface. The surface absorbs a large amount of heat and the 
temperature of ceramic may reach the decomposing point. At the end of single pulse, the temperature 
reaches the highest value 12100 ℃ at the centre of ablation cavity. The theoretical size of ablation cavity 
is 1.12 mm in radial direction and 0.508 mm in thickness direction, as shown in Fig.1a. 
(a)       (b) 
Fig.1.(a) Simulation result of size of 1/4 cavity;(b) machining result of a cavity 
2.2. Machining test 
The same machining parameters as simulation example are employed in machining test. Fig.1b shows 
the macro-morphology of cavity after single pulse machining. The cavity is in shape of a spherical cap 
and its cross section is approximately circle. The cavity size is measured as dimension of 2 mm and depth 
of 0.18 mm. 
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The cavity radius of experiment is similar to that of simulation results. But, the simulation depth of 
cavity is bigger than that obtained from experiment. The difference in depth can be explained considering 
the property of Si3N4 ceramics. As the micro-detonation plasma jet applies large amount of heat on 
ceramic surface, the transient high temperature can induce decomposing reactions on Si3N4 local surface. 
Part of the surface material is decomposed into N2 and silicon and sublimes. After the single pulse of 
micro-detonation, with the rapid decreasing of temperature, partial material cools down and recasts on the 
cavity surface. So, deteriorative layer is formed on upper surface of cavity. Fig.2 shows the micrographs 
of cavity. In Fig. 2a, it is obvious that the deteriorative layer is a loose microstructure. Between the loose 
layer and substrate, there are clear lateral cracks parallel to the surface (Fig.2b). The thickness of the loose 
deteriorative layer ranges from 0.15 mm to 0.2 mm. If material removal is calculated considering of both 
cavity depth and the deteriorative layer thickness, the total material removal is about 0.33 mm to 0.38 mm, 
which may close to the simulation depth of 0.508 mm. In addition, the heat source model will cause some 
errors in the process of simulation. Therefore, the experimental results are consistent with the simulation 
results. 
Fig.2. The SEM micrographs of cavity bottom (a) surface; (b) cross section.
3. Influence of parameters on dimension of cavity 
By using simulation method, single factor experiment is employed to study the influence of parameters 
on the depth and diameter of ablation cavity. The experiment plan is listed in Table 1  
Table 1. Experiment parameters 
No. I (A) T (ms) R (mm) L (mm) 
1 70,80,90,100 80 1 3 
2 80 50,60,70,80 1 3 
3 80 80 0.8,1,1.2,1.4 3 
4 80 80 1 1,2,3,4 
(1) Working current. By means of changing the working current and fixing other parameters, the 
relationship between the size of ablation cavity and working current are studied. Fig.3a shows the result 
of cavity depth and diameter in the process of MDSAM. From the result, it can be found that the cavity 
depth and diameter increase with the increment of working current. The reason is that the increasing 
current leads to the growth of output energy of power and the heat transferred to specimen. Therefore, the 
temperature rises and the material removal rate increases. 
 (2) Pulse width. Fig. 3b shows the influences of working pulse width on process of MDSAM. 
Accompanied with the increase of single pulse width, not only the highest temperature of ablation cavity 
but also the depth and diameter are enhanced. Longer pulse width increases processing duration, causing 
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the augment of material removal rate. Hence by well controlling the pulse width, the machining effect can 
be further controlled. 
70 80 90 100
0.40
0.42
0.44
0.46
0.48
0.50
0.52
1.90
1.95
2.00
2.05
2.10
2.15
2.20
2.25
2.30
―■― Depth
D
ep
th
 d
(m
m
)
Working current I(A)
D
ia
m
et
er
 D
(m
m
)
―▲― Diameter
50 60 70 80
0.36
0.38
0.40
0.42
0.44
0.46
0.48
0.50
0.52
1.8
1.9
2.0
2.1
2.2
2.3
D
ia
m
et
er
 D
(m
m
)
―■― Depth
D
ep
th
 d
(m
m
)
Pulse width T(ms)
―▲― Diameter
(a)      (b) 
0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
0.30
0.35
0.40
0.45
0.50
0.55
0.60
1.7
1.8
1.9
2.0
2.1
2.2
2.3
D
ia
m
et
er
 D
(m
m
)
―▲― Diameter
―■― Depth
D
ep
th
 d
(m
m
)
Nozzle radius R(mm)
1 2 3 4
0.40
0.45
0.50
0.55
0.60
0.65
0.70
1.5
1.8
2.1
2.4
2.7
3.0
―■― Depth
D
ep
th
 d
(m
m
)
Distance L(mm)
D
ia
m
et
er
 D
(m
m
)―▲― Diameter
(c)      (d) 
Fig.3. Influences of parameters on cavity size (a) working current (b) pulse width; (c) nozzle radius; (d) working distance 
(3) Nozzle radius. Fig.3c shows the computing results of influences of nozzle radius of micro-
detonation generator on the cavity dimension. The nozzle plays the role of compressing plasma jet in the 
process of MDSAM. The smaller nozzle radius compresses the plasma jet more powerful, which leads to 
higher temperature. Fig.3c shows that with the increase of nozzle radius, the depth of cavity increases 
while the radius is small than 1mm and changes slightly when the radius is bigger than 1mm. On the other 
hand, the diameter of cavity increases throughout the increasing of nozzle radius. At the same time, the 
small radius nozzle produces a tapering ablation cavity, with more flaws and cracks at the bottom of 
cavity. So the small radius nozzle is not suitable for the machining. But if the nozzle radius is bigger than 
1.5mm, the surface of material is prone to peeling off from the specimen. In conclusion, the nozzle radius 
should range from 1mm to 1.4mm in order to machine the ceramics safely and efficiently. 
(4) Working distance. The distance between nozzle and specimen is considered for the sake of 
controlling cavity dimension more agilely. Fig. 3d indicates that bigger distance brings smaller cavity size 
of both depth and dimension, which illuminates that bigger working distance generates smaller material 
removal rate. The intensity of plasma jet decreases distinctly due to the longer working distance, hence the 
material removal capability reduces.  
4. Conclusions 
(1) The simulation dimension of cavity is 1.12 mm in radial direction and 0.508 mm in thickness 
direction. The machining test shows that the cavity is in shape of a spherical cap and its cross section is 
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approximately circle and the cavity size is measured as diameter of 2 mm and depth of 0.18 mm. The 
difference in thickness direction is owing to the generation of loose deteriorative layer on the machined 
surface, the thickness of which ranges from 0.15mm to 0.2 mm.  
(2) The depth and dimension of cavity increase by increasing the working current and pulse width and 
decrease with the increase working distance. For nozzle radius, over big or small is not suitable for 
ceramics machining. The nozzle radius which ranges from 1 mm to 1.4 mm can machine the ceramics 
safely and efficiently. 
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